Objective. To compare children with confirmed bacterial meningitis (CBM) and those with culture-and latex-negative meningitis (CLN).
focus on bacterial meningitis confirmed by culture or antigen testing of cerebrospinal fluid (CSF) or description of meningitis caused by specific organisms. Most reports of culturenegative or latex agglutination-negative meningitis (CLN) have focused on developing methods to aid in early differentiation of bacterial versus nonbacterial meningitis (6) (7) (8) (9) (10) . CLN generally has a more benign course with less mortality and morbidity than confirmed bacterial meningitis (CBM) (1) (2) (3) (4) (5) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . We noted a higher than expected mortality in children with CLN. To gain an increased understanding of this illness, we compared the characteristics, outcomes, and risk factors for mortality in Guatemalan children with CLN to those for children with CBM.
MATERIALS AND METHODS

Study population
Children 1 to 59 months of age admitted to the three major referral hospitals (Roosevelt Hospital, San Juan Dios Hospital, and General Hospital of the Instituto Guatemalteco de Seguridad Social) in Guatemala City with clinical signs compatible with bacterial infections were evaluated prospectively between 1 October 1996 and 31 December 2005. Study physicians reviewed admission and laboratory logbooks daily to identify children with possible invasive bacterial disease. Demographic data, clinical and laboratory data including blood and CSF culture results, and latex agglutination results were collected from medical charts by the study physicians. Serious sequelae (convulsions, cerebral vascular accidents, cranial nerve paralysis, and hydrocephalus) present at discharge were collected by reviewing discharge notes beginning in October 2000. Cerebral vascular accidents included cases of infarct or thrombosis, and hydrocephalus was diagnosed by computed tomography. Additional diagnostic testing such as audiologic and neurologic testing are not performed as part of standard hospital practice in Guatemala unless signs of impairment are present; therefore, because of the inconsistent availability of data on deafness, blindness, quadriparesis, quadriplegia, and psychomotor retardation, these data were not included in this study. A limited discussion of children with CBM through 31 January 1999 was presented in an earlier report (5) .
Case definitions
Pleocytosis was defined as a CSF white blood cell count of ≥ 10 white blood cells/mm 3 because up to 32% of children with bacterial meningitis have CSF white blood cell counts < 100/mm 3 (5) . CSF white blood cell count was not adjusted for red blood cell counts (7, 23) . CBM was defined as either: (1) a CSF culture positive for an organism considered not to be a contaminant, or (2) a negative CSF culture with pleocytosis plus either a CSF latex agglutination test positive for Streptococcus pneumoniae or Haemophilus influenzae type b or a blood culture positive for an organism considered not to be a contaminant. CLN was defined as a negative CSF culture with pleocytosis plus negative CSF latex agglutination tests for both S. pneumoniae and H. influenzae type b.
Laboratory procedures
CSF was cultured on IsoVitalexenriched chocolate and blood agar. All CSF samples were tested within 24 hours for H. influenzae type b and S. pneumoniae antigens using latex agglutination (Directigen, Becton Dickinson Microbiology Systems, Lutherville, MD, United States); latex agglutination was not performed for Neisseria meningitidis as part of this study. Aliquots of CSF were stored at 2°C to 8°C until weekly transfer to -70°C for storage. Blood cultures were obtained at the discretion of the admitting physicians. The initial procedures included culture in brain-heart infusion broth with subcultures on chocolate and MacConkey agar at 24 hours and within the next 7 days if turbidity developed. Automated blood cultures (BACTEC, Becton Dickinson Microbiology Systems, Lutherville, MD, United States) were introduced into two hospitals in May 1997 and into the third hospital in January 1998.
Statistical analysis
Data were collected on standardized forms and double entered into an Access (Microsoft, Seattle, WA, United States) database. Statistical analyses were performed with the Statistical Package for Social Sciences (SPSS-PC version 10, Chicago, IL, United States). Proportions were compared using two-tailed χ 2 with Yates' correction or Fisher's exact tests. The Student t-test was used to compare group means. Nonparametric variables were compared using the Mann-Whitney test. Univariate and multivariate logistic regression models were used to determine the odds ratios for mortality risk factors. A significance level of P < 0.05 was used to reject the null hypothesis. Males constituted 57.0% of all patients; 53.3% of patients lived in Guatemala City, with no significant differences in sex or origin between the confirmed bacterial and CLN groups. Median age at presentation was 6.1 months (interquartile range, 2.8-11.5); mean age was 10.4 months (standard error, 0.4). There were no significant differences in age between the confirmed bacterial and CLN groups.
RESULTS
From
However, 32% of children with CLN were < 3 months of age, compared with only 21% of children with bacterial meningitis (P < 0.001). A higher percentage of children with bacterial meningitis were 6 to 11 months of age than were children with CLN (32% versus 22%, respectively; P < 0.001). More than 75% of children with meningitis due to H. influenzae type b, S. pneumoniae, or N. meningitidis were less than 12 months of age ( Figure 1 ). In Guatemala, there is no striking seasonal pattern for meningitis. However, a significantly higher percentage of meningitis caused by enteric organisms (Salmonella and Escherichia coli, 43.9%) occurred in April and May, the beginning of the rainy season, than did meningitis caused by other CBM organisms (19.2%; P = 0.004) or CLN (17.2%; P = 0.001); no seasonality was noted for other pathogens.
The distribution of CSF white blood cells was different for the CBM and CLN groups ( Figure 2 ). Laboratory parameters at admission, clinical profile at admission, and sequelae at dis- The 172 (32.6%) children with CLN who died or developed sequelae (convulsions, cerebral vascular accidents, cranial nerve paralysis, or hydrocephalus) were ill for significantly more days before admission than the 356 (67.4%) children with CLN who survived without sequelae (5.4 versus 4.0 mean days, respectively; P = 0.002); however, no significant differences were found between these two groups in mean CSF white blood cells (1 122 versus 411 units; P = 0.07), mean CSF protein levels (197 versus 165 mg/dL; P = 0.314), and mean CSF glucose (48 versus 51 units; P = 0.575). Receipt of antibiotics before admission was more common in children with CLN who died or developed severe sequelae (55.2%) than in children with CLN who survived without sequelae (37.6%; P < 0.001). No significant differences in mean CSF white blood cell count, neutrophils, glucose, or protein were found between children with CLN who had received antibiotics and those who had not received antibiotics before admission. CBM patients diagnosed by latex only (n = 116) were significantly more likely to have received antibiotics than the 374 culture-positive CBM patients (56.9% and 30.7%, respectively; P < 0.001); information on antibiotic use was unavailable for three CBM patients.
The case-fatality rate was significantly higher for children with CBM than for children with CLN (27.6% and 14.9%, respectively; P < 0.001; see Table 1 ). Children with bacterial meningitis confirmed by culture had significantly higher mortality than children with meningitis confirmed by latex only (31.6% and 14.7%, respectively; P < 0.001). The time from hospitalization to death was shorter in chil- Original research Dueger et al.
• Culture-and antigen-negative meningitis in Guatemalan children dren with CBM than in those who died with CLN (4.0 ± 0.6 and 8.2 ± 1.4 days, respectively; P = 0.001). Among survivors, the time from hospitalization to discharge was significantly longer for children with CBM (16.1 ± 0.9 days) than for children with CLN (13.8 ± 0.5 days; P = 0.03). CSF glucose < 10 mg/dL, peripheral neutrophils < 2 000 cells/mm 3 , coma or shock at admission, and concurrent sepsis or pneumonia were independent risk factors for mortality in children with CBM after adjustment for other variables in multivariate logistic regression (Table 4) . However, only coma and shock at admission were strong predictors of mortality in children with CLN. 
TABLE 3. Laboratory parameters and clinical profiles on admission and sequelae at discharge for children with confirmed bacterial (CBM) versus culture-and latex-negative (CLN) meningitis
Confirmed bacterial CLN
DISCUSSION
Bacterial meningitis results in high mortality (27.6%) and serious sequelae in Guatemalan children. The casefatality rates in children with bacterial meningitis range from 7% to 56% in other countries (1, 2, (15) (16) (17) (18) (19) (20) (21) (22) (24) (25) (26) (27) , with higher rates in developing countries apparently due to delays in diagnosis and initiation of optimal therapy (15, 22) . Although the case-fatality rate was lower for children with CLN, nearly 15% died and many (47%) had serious sequelae (1) (2) (3) (4) (5) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) .
The potential causes of CLN include partially treated bacterial meningitis, viruses, fungi, parasites, and noninfectious disorders (drug-induced, systemic disease and malignancies). The most common viral causes include nonpolio enteroviruses, herpes simplex virus, arboviruses, and mumps in unvaccinated populations (28) (29) (30) (31) . Except for herpes simplex, most viruses cause self-limiting illness, although arboviruses can be associated with neurologic sequelae. The case-fatality rate in Guatemalan children with CLN was much higher than would be expected for enterovirus or mumps virus infections. Also, mortality in children with CLN was associated with coma and shock, suggesting that many of the severe cases were probably of bacterial etiology.
Finally, antibiotic use before admission was significantly higher in children with CLN who died or had sequelae, suggesting that prior antibiotic use may have interfered with isolation of bacterial agents from these children. Alternatively, nearly half the children with CLN who died had not received antibiotics before culture; these infections may have been due to bacteria that are not easily cultured or to severe viral (e.g., dengue) infections.
Most of our nonsevere CLN cases were likely of viral etiology. The mean CSF white blood cell count for the children who survived CLN without sequelae is within the reported range for childhood viral meningitis (6, 10, 32, 33) . Although the mean CSF protein in this group is elevated compared with previously reported values for childhood viral meningitis (6, 12, 32) , the mean is generally lower than is reported for bacterial meningitis (6, 7, 9) .
Comparisons of our data with previously reported values must be done with caution because the prior studies were based on meningitis occurring in wider age ranges. Children in the CLN group with higher CSF white blood cell counts (≥ 100 cells/mm 3 ) were more similar to the CBM group in terms of CSF parameters and clinical profile at admission, also suggesting that many of the children with severe CLN had meningitis of undiagnosed bacterial etiology.
The most frequently identified risk factors for meningitis-associated mortality include shock, coma, low CSF glucose, low neutrophil and leukocyte counts, and convulsions and seizures (22, 24, 25, 27, 34) . In this study, coma and shock at admission each constituted a significant independent mortality risk factor for both CBM and CLN in multivariate logistic models. Low CSF glucose (< 10 mg/dL), concurrent sepsis, and concurrent pneumonia were also associated with mortality for CBM. In addition, the average time to death for children with CLN was approximately twice as long as for children who died with CBM. These data further support that many of the children who died with CLN likely had inadequately treated bacterial meningitis or already had severe complications at presentation.
Although antibiotic use before admission was associated with a bad outcome in the CLN group, there were no differences in CSF parameters between children with CLN with and without antibiotics before admission. Information on antibiotic use may be inaccurate because many people are unaware of the type of medication they have taken and because the data were collected from medical charts rather than from interviews.
In this study, 98% and 97% of children with meningitis caused by H. influenzae and S. pneumoniae, respectively, had positive CSF latex agglutination tests. Of these, 62% (H. influenzae) and 76% (S. pneumoniae) were confirmed by CSF or blood culture.
Therefore, in countries with limited capacity for diagnostic testing by culture, the latex agglutination test may be a feasible alternative. However, the high cost of this test may limit its widespread use in developing countries.
Because follow-up data beyond discharge were not collected, long-term outcomes and persistent sequelae in this population remain uncharacterized. Future studies should investigate the true long-term sequelae from meningitis in Guatemalan children and the importance of early diagnosis and therapy, especially given the high rate of serious sequelae present at discharge.
H. influenzae type b and S. pneumoniae caused 37.6% of the CBM in this population and case-fatality rates were 17.1% and 39.5%, respectively. These vaccine-preventable diseases pose a significant health threat to Guatemalan children. Resultados. La tasa de letalidad fue significativamente mayor en los 493 niños con MBC que en los 528 niños con MNLC (27,6% y 14,9%, respectivamente; P < 0,001). Los niños con MBC tuvieron menor probabilidad de recibir antibióticos y mayor de sufrir convulsiones, choques o entrar en coma al ser ingresados que los niños con MNLC. Se observó un mayor porcentaje de manifestaciones clínicas de secuelas al alta hospitalaria en los 182 niños sobrevivientes con MBC que en los 205 sobrevivientes con MNLC estudiados entre octubre de 2000 y diciembre de 2005 (78,6% y 46,8%, respectivamente; P < 0,0001). Los factores de riesgo de muerte en los niños con MBC fueron: glucosa en LCR < 10 mg/dL, neutrófilos periféricos < 2 000 células/mm 3 , coma o choque al ingreso, y sepsis o neumonía concurrentes; solo el coma y el choque al ingreso predijeron la muerte en niños con MNLC. Conclusiones. Las altas tasas de letalidad y de secuelas indican que muchos niños con MNLC pueden haber tenido meningitis bacteriana. Las estadísticas basadas solamente en los casos confirmados de meningitis subestiman la verdadera carga de enfermedad prevenible mediante vacuna. Se deben emprender estudios adicionales para determinar las etiologías de la MNLC en esta población.
Meningitis viral, meningitis bacteriana, meningitis aséptica, Guatemala. The 2009 Public Health Preparedness Summit will improve the ability of participants to plan, prepare for, respond to, and recover from public health emergencies. The Summit will achieve this goal by providing sessions that enable attendees to:
• Identify the key elements for public health preparedness at the local, state, and national levels.
• Propose strategies for measuring preparedness in their states and local communities.
• Access resources to aid public health preparedness across the disaster management continuum (preparedness, mitigation, response, and recovery).
• Describe evidence-based approaches to addressing challenges in public health emergency response.
• Define means to improve existing preparedness programs at all levels of government. 
